Ratios of lactulose/mannitol excretion in urine have been used to assess the extent of intestinal permeability in various disease and trauma conditions. Reported studies have used this technique to correlate altered gastrointestinal mucosal permeability to translocationof bacteria and endotoxin, leading to occult sepsis in bum patients. Enzymatic methods of analysis for urine concentrations of mannitol and lactulose were used in these studies. We have found that urine from patients with severe burns frequently contains compounds that interfere with the enzymatic methods. We describe using gas-liquid chromatography to determine mannitol and lactulose simultaneously in the urine of bum patients. To avoid the multiple peaks for the anomeric forms of the reducing sugars during precolumn trimethylsilyl derivatization, we converted the sugars to oximes before the silylationstep. The method gave good recoveries of mannitol and lactulose added to bum patients' urine samples. Unlike the enzymatic methods, gas-liquid chromatography eliminates the effect of intertenng compounds and allows for the simultaneous determination of both sugars in urine samples. Here we describe the application of gas-liquid chromatography to determine simultaneously lactulose and mannitol in the urine of burn patients.
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Several investigators
have proposed that thermal injury alters gastrointestinal mucosal permeability, causing translocation of bacteria and endotoxin and leading to occult sepsis and multiple organ failure (1) (2) (3) . Ratios of lactulose/mannitol urine excretion have been used to monitor changes in intestinal permeability in various disease conditions (4, 5) . We have found that the enzymatic methods commonly used to determine mannitol and lactulose in urine [e.g., by Ziegler et al. (1) ] result in inaccurate estimates of the concentration of these sugars in urine from severely burned patients.
Here we describe the application of gas-liquid chromatography to determine simultaneously lactulose and mannitol in the urine of burn patients.
MaterIals and Methods

Subjects:
The seven burn patients used to evaluate the procedure described were from a larger study de- signed to assess perturbations of intestinal permeability after burn injury. Seven men with burns ranging from 31% to 78% of the total body surface area (mean 58%) were used in this preliminary study to develop our assay technique. On the fourth day after the burns were sustained, the patients were given 5 g of mannitol and 10 g of lactulose in 100 mL of de-ionized water. A 6-h urine collection was initiated after ingestion of the test solution. We added 1 mL of a 200 g/L chlorhexidine solution to the total urine collected. Aliquots of the urine samples were frozen at -20 #{176}C until analyses were performed. 
Results
The chromatogram of a standard solution containing mannitol, fructose, galactose, glucose, and lactulose is shown in Figure 1 . None ofthe threemonosaccharides caused interfering peaks with mannitol or lactulose.
Detection ofmannitol and lactulose in aqueous standards varied linearly with the quantities injected from 50 to500 nmol [area= -113 714 + 11 440 (concn), r2 = 0.99]and from 5 to50 nmol [area= -20 230 + 10 776 (concn), r2 = 0.99], respectively. We determined that the minimum detectable concentrations formannitol and lactulose in urine were 5 and 1 nmoIJL, respectively.
To urinesamples from three burn patients we added 50, 100, and 150 nrnol of mannitol and 5, 10,and 15 nmol oflactulose. The respective mean analytical recoveryformannitol and lactulose forthethree sampleswas 103% and 106%, 97% and 101%, and 101% and 112%.
Urine from one ofthe burn patients was used to test precision. Six samples were prepared daily for five consecutive days.The mean within-dayprecision (CV) forlactulose was 5.1%;formannitol, 2.9%.The betweenday CV was 4.5% for lactulose and 0.9% for mannitol.
Chromatograms forurine from a burn patient (45% body surface burn) taken beforeand 6 h after receiving themannitol-lactulose doseareshown in Figure 2 . The chromatogram of thisparticular patientshows trace amounts of mannitol, which we often see in burn patients' urine. We confirmed by mass spectroscopy that the peak was mannitol. Subsequent samples analyzed after the mannitol-lactulose dosewere corrected accordingly. Many of the injectable treatmentsreceivedby burn patientscontain mannitol as a nonmetabolized additive to maintain physiological osmolarity. Considering that burn patientsreceive many injections, itis notsurprising, giventhe sensitivity ofour method, that trace amounts aredetected routinely in patients' urine.
Data from the seven burn patients and seven control subjects areshown inFigure 3.There was no significant difference (Student's t-test) inurinemannitol concentrationbetween the groups(P = 0.44). However, both the lactulose concentration and the lactulose/mannitol ratio were significantly different (P >0.01).
Discussion
Urine samples from patientswith severeburns present an analytical challenge totheclinical chemist. Our experience has been that many analytical assays of urine from normal and sicksubjects cannot necessarily be appliedto urine from burn patients. The enzymatic assay of urinary lactulose is a prime example.
The method outlinedby Behrens et al. (6) involvesan enzymatic hydrolysis oflactulose tofructose and galactose, followedby the conversionof fructose to glucose 6-phosphate. Lactulose ismeasured indirectly by converting glucose 6-phosphate to gluconate 6-phosphate and monitoring at 340 nm the reduction of NADP.
We have found thaturine from patients with severe burns frequentlycontainscompounds that interfere with the enzyme assaysused to determinelactulose in urine. Although filtration oftheurine througha cationexchangecolumn removes these compounds, this procedure is time-consuming and increasesthe chance of dilution errors. Moreover,theenzymaticassay forman- 
